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Fifty patients with idiopathic dilated cardiomyopathy
were separated into two groups based on the presence
of segmental or diffuse left ventricular wall motion
abnormalities by radionuclide ventriculography. Inves-
tigation included a history and physical examination,
electrocardiogram, chest X-ray film, M-mode eehocar-
diogram, coronary angiogram and right ventricular en-
domyocardial biopsy. Patients with histologic evidence
of myocarditis were excluded.
Sixty-four percent of the patients had segmental and
36% had diffuse wall motion abnormalities. The group
with segmental abnormalities showed significant differ-
ences in age (52.5 ± 10.7 versus 37.8 ± 14.6 years, p
< 0.001), New York Heart Association functional class
III to IV (56 versus 89%, p < 0.01), pulmonary cap-
illary wedge pressure (14 ± 9 versus 26 ± 9 mm Hg,
p < 0.001), left ventricular end-diastolic dimension mea-
sured on echocardiogram (67 ± 8 versus 77 ± 11 mm,
p < 0.001), cardiac index (2.6 ± 0.6 versus 2.0 ± 0.5
Segmental wall motion abnormalities of the left ventricle
are frequently associated with obstructive lesions of the
coronary arteries (1,2). Diffuse hypokinetic ventricular wall
motion is thought to be more characteristic of nonischemic
dilated cardiomyopathy (3). Despite incidental reports of
segmental wall motion abnormalities in patients with dilated
cardiomyopathy, the presence of segmental contractile ab-
normalities has often been used clinically to support the
diagnosis of coronary artery disease (4). We have noted a
high incidence of such localized abnormalities in patients
with cardiomyopathy referred for endomyocardial biopsy.
Unlike patients with coronary artery disease, the signifi-
cance of segmental wall motion abnormalities in this group
of patients is unclear. The purpose of this study is to examine
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liters/min per m2, p < 0.01) and ejection fraction by
radionuclide ventriculography (20 ± 7 versus 13 ± 5%,
p < 0.001). Patients with diffuse wall motion abnor-
malities had poorer histologic findings based on myo-
cardial cell hypertrophy and nuclear changes (p < 0.01)
and a higher short-term mortality with a 1 year survival
rate of 50% compared with 90% in patients with seg-
mental wall motion abnormalities by life-table analysis
(p < 0.05). When data were reanalyzed excluding those
patients with complete left bundle branch block, no sig-
nificant change in any variable was detected.
Segmental wall motion abnormalities, even when left
bundle branch block is excluded, are common in dilated
cardiomyopathy in the absence of coronary artery dis-
ease. Patients with segmental wall motion abnormalities
have better global left ventricular function, less severe
histologic abnormalities and a lower short-term mor-
tality than those with diffuse wall motion abnormalities.
the incidence of segmental wall motion abnormalities and
its relation to clinical features, hemodynamics, histology
and prognosis in patients with dilated cardiomyopathy using
radionuclide ventriculography.
Methods
Patient selection. Sixty-eight patients with dilated car-
diomyopathy referred for endomyocardial biopsy between
March 1981 and May 1983 were evaluated for this study.
No patient had an ejection fraction by radionuclide angi-
ography greater than 36%. Significant coronary artery dis-
ease was excluded by coronary angiography in all patients
except for three patients younger than 22 years of age in
whom angiography was not performed. There were only
minor coronary abnormalities in 19 patients, nonobstructive
plaques in 7 and 40% stenosis in 2. No patient had hyper-
tensive, valvular or congenital heart disease. Eighteen pa-
tients were excluded; two of these had ventricular tachy-
cardia that interfered with the interpretation of wall motion,
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Table 1. Clinical and Hemodynamic Characteristics of 50
Patients With Dilated Cardiomyopathy
> Present perivasculariy on biopsy. Data expressed as mean ± standard
deviation. CI = cardiac index; EF (RNV) = ejection fraction by radio-
nuclide ventriculography; F = female; LBBB = left bundle branch block;
LVLDD = left ventncular end-diastolic dimension by M-mode echocar-
diogram; M = male; NYHA = New York Heart Association; PCW =
pulmonary capillary wedge pressure.
seven had a histologic diagnosis of myocarditis, one was
pacemaker-dependent and eight had inconsistent interpre-
tation of wall motion on two readings of the gated blood
pool scan. The remaining 50 patients served as the source
of clinical comparisons for this study.
Clinical evaluation. Each patient had a history and
physical examination concentrating on possible etiologic
factors. Investigative studies included a chest X-ray ex-
amination, electrocardiogram, M-mode echocardiogram and
radionuclide ventriculogram. Hemodynamic data were tab-
ulated at the time of angiography or right ventricular biopsy
by right heart catheterization, or both.
The clinical characteristics ofthese patients are reviewed
in Table J. Of the 50 patients, 32 were male and 18 female,
ranging in age from 11 to 68 years (mean 47). Thirty-five
patients were in New York Heart Association functional
class III or IV and almost all were receiving digitalis and
a diuretic drug. Thirty-nine patients had cardiomegaly on
chest X-ray examination. Eighteen patients had left bundle
branch block and five patients had an infarction pattern on
electrocardiogram. As a group, the mean cardiac index was
2.4 liters/min per m", mean pulmonary capillary wedge
pressure was 18 mm Hg, left ventricular end-diastolic di-
mension as measured on M-mode echocardiography was 70
mm and mean radionuclide ejection fraction was 17%. Fol-
low-up study was complete, ranging from I to 26 months
or to the time of death, averaging II months.
Histologic evaluation. The technique for right ventric-
ular endomyocardial biopsy has been described elsewhere
(5). Four adequately sized tissue samples were submitted
for light microscopy and immunofluorescent study. Myo-
carditis, defined as more than five lymphocytes per high
Data expressed as mean ± standard deviation. Abbreviations as in
Table 1.
47.1 ± 15.6
4 (50%)
5 (63%)
I (13%)
2.72 ± 0.53
16.8 ± 10.7
63.3 ± 13.0
215±102
1 (13%)
Age (yr)
NYHA functional class III or IV
Cardiomegaly
LBBB
CI (liters/min per rrr')
PCW (rnm Hg)
LVEDD (mm)
EF (RNV) (%)
Deaths
Table 2. Characteristics of Eight Patients Excluded Because of
Intraobserver Variability
power field with evidence of myocyte necrosis, was iden-
tified by a cardiac pathologist. A semiquantitative histologic
score modified after Kuhn was devised based on the severity
of myocardial cell hypertrophy and nuclear cell hyperchrom-
icity (6,7). Myocardial cell hypertrophy was quantitated
from 0 to 3; 0 = no myocardial cell hypertrophy, I = the
rare presence of hypertrophied myofibrils, 2 = hypertrophy
extending to several areas of one sample and present in
other samples and 3 = extensive hypertrophy in each sam-
ple. Nuclear enlargement and hyperchromicity added an
extra point to the hypertrophy score if it was marked. There-
fore, a maximal score of 4 represented severe myocardial
cell hypertrophy and nuclear change.
Radionuclide ventriculography. After intravenous in-
jection of 25 mCi of technetium-99m-labeled red blood
cells, gated images were collected with an Anger scintil-
lation camera equipped with a low energy, all purpose par-
allel hole collimator. Images were obtained in the anterior
and left anterior oblique projections that best demonstrated
the interventricular septum. Electrocardiographic gating was
accomplished with a physiologic synchronizer. Images were
collected at 20 frames per cycle. End-systolic and end-
diastolic images were selected after processing by a semi-
automated routine. Each data frame contained 200,000 counts.
Images were collected on an MDS A-2 computer system in
a 64 X 64 matrix after magnification ranging from 1.25 to
l.75: I and displayed on the systems black and white and
color monitors. Ejection fraction was calculated by standard
commercially available software techniques.
The scans were interpreted visually by a single experi-
enced nuclear medicine specialist (R.E.H.) who was blinded
to clinical and hemodynamic data. Real time analysis was
performed on two separate occasions several months apart.
Scans that were not interpreted consistently, that is, scans
initially read as showing segmental wall motion abnormal-
ities and later read as showing diffuse wall motion abnor-
malities were excluded. The characteristics of the eight pa-
tients where scans were excluded are shown in Table 2. No
patient had completely normal wall motion.
Regional wall motion was assessed for three ventricular
segments in the anterior projection (anterolateral, apical and
473 ± 14 I
32/18
16 ± 18
35 (70%)
39 (78%)
5 (10%)
18 (36%)
2.4 ± 0.7
18 ± 10
70 ± 10
17 ± 7
43
3
3
I
Age .vr)
Sex 1M/F)
Onset of symptoms to diagnosis (rno)
NYHA functional class III or IV
Cardiomegaly on chest X-ray film
Infarction pattern on electrocardiogram
LBBB
CI (liters/min per m'')
PCW (mm Hg)
LVEDD (mm)
EF (RNV) (%)
Etiologic features
Idiopathic
Alcoholic
Postpartum
Amyloid"
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inferior) and in three segments in the left anterior oblique
projection (septal, posterior and inferoapical) . Contraction
of each segment was scored as normal, hypokinetic, akinetic
or dyskinetic. Diffuse wall motion abnormality was defined
as a concentric reduction in contraction of all six segments
of the left ventricular wall in both projections. Segmental
wall motion abnormality was defined as a localized area of
the left ventricular wall that moved abnormally compared
with adjacent walls and was described as akinetic, dyskinetic
or hypokinetic .
Data analysis. Statistical analyses were performed us-
ing chi-square analysis with Yates' correction factor and the
unpaired Student's t test with two-tailed probability. The
comparison between radionuclide and contrast ventriculog-
raphy was done based on normal distribution. The life table
analysis was performed using the method of Gehan (8).
Data are expressed as mean ± the standard deviation.
Results
Clinical characteristics. Of the 50 patients with dilated
cardiomyopathy, 32 (64%) were found to have segmental
wall motion abnormalities involving one or more segments
and 18 (36%) were found to have diffuse wall motion ab-
normalities. Clinical and hemodynamic comparisons are
shown in Table 3. Etiologic diagnosis based on history,
physical examination and appropriate laboratory tests showed
no significant differences between the two groups, both
having a similar incidence of idiopathic, alcoholic and per-
ipartum cardiomyopathy. One patient in the segmental wall
motion abnormality group had microvascular amyloid pres-
ent on myocardial biopsy.
The most severe wall motion abnormalities were seen in
the apical segments; 90% of the apical segments in the
anterior projection were akinetic or dyskinetic as were 74%
of the inferoapical segments in the left anterior oblique
projection. Forty-three percent of the anterior segments were
akinetic or dyskinetic. The remainder of the segments were
generally hypokinetic.
There were no differences between the groups in sex
distribution or the time from symptom onset to biopsy . The
presence of mitral regurgitation as established by angiog-
raphy, physical examination or hemodynamic data was not
different, and in no case was thought to be significant.
Electrocardiographically, there was no difference in the in-
cidence of left bundle branch block or the presence of an
infarction pattern. There was no difference in the presence
of cardiac enlargement or pulmonary vascular redistribution
on chest X-ray film.
Hemodynamic, echocardiographic and radionuclide
findings. Patients with segmental wall motion abnormali-
ties were found to be older (mean age 52.5 ± 10.7 years)
than patients with diffuse wall motion abnormalities (mean
age 37.8 ± 14.6 years) (p < 0 .001). Fifty-six percent of
the patients with segmental wall motion abnormalities were
in functional class III or IV in contrast to 89% of the patients
with diffuse abnormalities (p < 0.01). Overall, the patients
who had segmental wall motion abnormalities on radio-
nuclide angiography had less severe hemodynamic abnor-
malities. Data obtained during right heart catheterization
revealed a lower pulmonary capillary wedge pressure (14
± 9 versus 26 ± 9 mm Hg, p < 0 .001) and a higher
cardiac index (2.6 ± 0 .6 versus 2.0 ± 0 .5 liters/min per
m2, p < 0.01). The ejection fraction calculated by radio-
nuclide ventriculography was significantly higher as well
(20 ± 7 versus 13 ± 5%, P < 0.001) . On M-mode echo-
cardiography, the left ventricular end-diastolic dimensions
were smaller in this group (67 ± 8 versus 77 ± 11 mm,
p < 0.001).
A biopsy score was available for 40 patients. Higher
biopsy scores that showed severe myocardial cell hypertro-
phy and nuclear cell changes were found in those with
diffuse wall motion abnormalities in contrast to those with
segmental wall motion abnormalities (p < 0.01) . On M-
mode echocardiography, there was no correlation between
left ventricular wall thickness and the degree of myocardial
cell hypertrophy.
Follow-up data. During the follow-up period, two deaths
occurred in the group with segmental and nine in the group
with diffuse wall motion abnormalities (p < 0.001). All
patients had a cardiac death either from pulmonary embo-
lism, sudden cardiac death or intractable heart failure . Life
table analysis showed a significant difference in survival
between the group with segmental and the group with diffuse
wall motion abnormalities (p < 0.05), with less than 50%
of the patients with diffuse abnormalities alive at I year in
comparison with 90% of those with segmental wall motion
abnormalities (Fig. 1).
Left bundle branch block excluded. To study the pos-
sibility that conduction disturbances played a role in the
development of segmental wall motion, the data were rean-
Figure 1. Life table analysis showing the differences in mortality
between patients withsegmental wallmotionabnormalities (SWMA)
and diffuse wall motion abnormalities (DWMA).
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Table 3. Clinical, Hemodynamic and Histologic Variables in 50 Patients With Diffuse and
Segmental Wall Motion Abnormalities
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Sex (M/F)
Mitral regurgitation
Age at diagnosis (yr)
Onset of symptoms to biopsy (mo)
NYHA functional class III or IV
Cardiomegaly on chest X-ray film
LBBB
Infarction pattern
LVEDD (rnm)
CI (liters/min per rrr')
PCW (mm Hg)
EF (RNV) (%)
BIOpsy score 3 or 4*
Death,
SWMA
18114
6 (19%)
52.5 ± 10.7
14 ± 15
18 (56%)
25 (78%)
13 (41%)
3 (9%)
67 ± 8
2.6 ± 0.6
14 ± 9
20 ± 7
9/25 (36%)
1(3%)
p < 0.001
p < 0.01
p < 0.001
P < 0.01
P < 0.001
P < 0.001
P < 0.01
P < 0.001
DWMA
12/6
5 (28%)
37.8 ± 14.6
20 ± 21
16 (89%)
15 (83%)
5 (28%)
2 (11%)
77 ± II
2.0 ± 0.5
26 ± 9
13 ± 5
13/15 (87%)
9 (50%)
*Biopsy scores 3 and 4 indicate severe morphologic abnormalities. Data expressed as mean ± standard
devianon. DWMA = diffuse wall motion abnormaliues; SWMA = segmental wall motion abnormalities; other
abbreviations as in Table I.
alyzed with left bundle branch block excluded (Table 4).
Fifty-nine percent of the patients had segmental wall motion
abnormalities, Again, there was no difference in the pres-
ence of mitral regurgitation, sex distribution, time from
symptoms to diagnosis or infarction pattern on electrocar-
diogram, Data that were significant with left bundle branch
block included in the analysis remained significant when
left bundle branch block was excluded,
Discussion
Diffuse versus segmental wall motion abnormalities
in cardiomyopathy. In patients with clinical evidence of
left ventricular dysfunction, segmental wall motion abnor-
mahties of the left ventricle have often been used to support
a diagnosis of coronary artery disease (2,4). Such abnor-
malities were first described in 1935 by Tennant and Wig-
gers (9) after coronary artery ligation in the dog. The as-
sociation with obstructive lesions of the coronary arteries
was further supported by Herman et al. (1) in 1967, who
noted that localized areas of wall motion abnormalities seen
on contrast ventriculography correlated anatomically with
the sites of significant obstructive lesions,
In contrast, segmental wall motion abnormalities are
thought to be uncommon (3) in patients with dilated car-
diomyopathy, which pathologically is usually a diffuse dis-
ease process without focal scarring, Occasional reports of
studies (10-15) using techniques such as qualitative and
quantitative analysis of angiographic wall motion and radio-
nuclide imaging have shown segmental wall motion abnor-
malities in 6 to 64% of patients with dilated cardiomyopathy.
In our study, we noted a high incidence of segmental wall
motion abnormalities in patients with congestive heart fail-
ure referred for endomyocardial biopsy after coronary artery
disease was excluded by angiography, Our results showed
several striking differences between those with diffuse and
those with segmental wall motion abnormalities. The pres-
ence of segmental wall motion abnormalities was seen in
64% of the patients with dilated cardiomyopathy and in 59%
of those in whom left bundle branch block was excluded.
Those patients who exhibited diffuse wall motion abnor-
malities were younger, more symptomatic and had a more
dilated ventricle with a poorer hemodynamic status than
those with segmental wall motion abnormalities. Patients
with diffuse wall motion abnormalities also had more severe
histologic derangement on endomyocardial biopsy. Prog-
nosis was poorer in patients with diffuse than in those with
segmental wall motion abnormalities.
Differences in the groups with segmental and diffuse
asynergy. The reasons for the disparity between those with
segmental and those with diffuse wall motion abnormalities
are unknown, Primary cardiomyopathy is a heterogeneous
group of disorders characterized by dilation of the cardiac
chambers with normal ventricular wall thickness and poor
systolic function in the absence of coronary artery, valvular
or congenital heart disease (16), Pathologically, there are
no distinguishing etiologic features in the end stage cardio-
myopathic heart (17). Although the peak incidence of dilated
cardiomyopathy occurs between the ages of 30 and 40 years,
prior longitudinal studies (16) have failed to show a cor-
relation between age and prognosis in the adult. In this
study, the older patient with segmental wall motion abnor-
malities did better than the younger patient with diffuse wall
motion abnormalities, although the duration of symptoms
before biopsy was not significantly different. It is possible
that the younger group of patients represents a group that
acquires a more advanced and aggressive form of the dis-
ease. The differences in histologic findings may support this
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Table 4. Clinical, Hemodynamic and Histologic Characteristics in Patients With Dilated
Cardiomyopathy in Whom Left Bundle Branch Block Was Excluded
SWMA DWMA
Sex (M/F) 10/9 9/4
Mitral regurgitation 4 2
Age at diagnosis (yr) 51.6 ± 10.6 p < 0.005 37.2 ± 16.0
Onset of symptoms to biopsy (rno) II ± 14 IS ± 20
NYHA functional class III or IV 12 (63%) p < 0.02 12 (92%)
Cardiomegaly on chest X-ray film 14 (74%) 11(85%)
Infarction pattern 3 (16%) 2 (15%)
LVEDD (mm) 64 ± 7 p < 0.001 77 ± II
CI (liters/min per rrr') 2.7 ± 0.7 p < 0.05 2.2 ± .4
PCW (mm Hg) 14 ± 9 p < 0.001 27 ± 9
EF (RNV) (%) 21 ± 8 p = 0.01 14 ± 6
Biopsy score 3 or 4* 8116 (50%) P < 0.01 10/11 (91%)
Deaths 0 p < 0.001 8
*Biopsy scores 3 and 4 indicate severe morphologic abnormalities. Data expressed as mean ± standard
deviation. Abbreviations as in Table I.
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contention. Recent studies (16) using tissue obtained at en-
domyocardial biopsy demonstrated the value of a semi-
quantitative morphologic score in prognosis. Constanzo-
Nordin et al. (7) devised a morphologic score based on
combining nuclear changes with myofiber hypertrophy and
showed that the condition of patients with a higher score
deteriorated more rapidly. Using the same scoring system,
we found that patients with diffuse wall motion abnormal-
ities had markedly abnormal histologic findings.
Factors causing localized asynergy in dilated cardio-
myopathy. It is not clear why asynergic segments should
appear in dilated cardiomyopathies that are angiographically
free of coronary artery disease. Embolization of a mural
thrombus to the coronary arteries is a consideration; how-
ever, although Q waves have been described in dilated car-
diomyopathy, they have been found not to be related to the
presence of myocardial necrosis (18-21). Myocarditis has
been known to be a focal disease process, and we attempted
to exclude that diagnosis by myocardial biopsy, although
there are no data to support that segmental wall motion
abnormalities are related to inflammatory cardiomyopathy.
The presence of intracardiac fibrin-platelet thrombi in di-
lated cardiomyopathy is seen in more than half of necropsy
specimens (17), possibly leading to segmental restricted
motion of the left ventricular wall. The greatest incidence
of asynergy was seen in the apical segments where ven-
tricular thrombi are often seen. The presence of significant
mitral regurgitation has been reported (22) to cause seg-
mental wall motion on M-mode echocardiography. None of
these factors seemed significant in our study patients.
Left bundle branch block and abnormal wall mo-
tion. The presence of a normal pattern of excitation is es-
sential to the synchronous pattern of contractility in the
normal heart. The role of left bundle branch block in the
development of asynergy is unclear. Although asynergy of
the interventricular septum has been demonstrated echo-
cardiographically (23), many angiographic studies on wall
motion fail to consider the role of conduction defects. In
one angiographic study (24), patients with left bundle branch
block in whom coronary artery disease was excluded had
completely normal wall motion. In another study (25) using
quantitative analysis of biplane ventriculography in patients
with left bundle branch block and without coronary artery
disease or cardiomyopathy, 10 of 12 patients had abnormal
wall motion along at least one hemiaxis. Radionuclide phase
analysis of left ventricular activation clearly shows that there
is definite asynchrony in patients with left bundle branch
block (26). At low ejection fractions, it may be impossible
to differentiate asynchrony from asynergy on visual analysis
of the cine display of the gated cardiac blood pool scan
(26).
To exclude the possibility that left bundle branch block
played a role in the development of segmental wall motion
abnormalities in our study group, we reanalyzed the data
excluding those patients with left bundle branch block. We
found no differences in any variable. In addition, there was
no difference in those patients with and without left bundle
branch block in the group with segmental or in the group
with diffuse wall motion abnormalities. Prognostically, the
presence of left bundle branch block was not a contributing
factor in those patientswith diffuse wall motion abnormalities.
Limitations of the study. The subjective interpretation
of wall motion by real time cine display of end-systolic and
end-diastolic images is currently the standard method of
interpretation (27-29). However, observer variability is dif-
ficult to avoid. As the scans were read by a single nuclear
specialist, we excluded those patients in whom the presence
of asynergy was not consistent on two successive readings
to limit the study to patients whose scan interpretation was
not equivocal. Although this may have introduced bias into
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the results, the excluded patients did not differ significantly
from those with segmental wall motion abnormalities. Al-
though other workers have shown an excellent correlation
with contrast angiography, our lack of corresponding views
on contrast ventriculography make this validation impos-
sible The 30° right anterior oblique projection cannot be
compared with the anterior radioisotope view. In addition,
biplane ventriculography was not performed. Computer
anal) sis of radionuclide wall motion may obviate the prob-
lem of observer variability.
Conclusions. Segmental wall motion abnormalities are
found to be common in patients with dilated nonischemic
cardiomyopathy and cannot be used to differentiate ischemic
from nonischemic cardiomyopathy. This holds true even if
patients with left bundle branch block are excluded. In ad-
dition, we found that the presence of segmental versus dif-
fuse wall motion abnormalities in patients with dilated car-
diomyopathy separated our 50 patients into two groups with
a marked difference in age, hemodynamic status, histologic
features and prognosis. The presence of diffuse left ven-
tricular wall motion abnormalities on radionuclide images
from patients with a severely depressed ejection fraction
marks a group of younger patients with poorer hemodynamic
status and a very poor short-term prognosis.
We e <press our special thanks to Dan Potllechio for technical assistance.
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